The center for Solar Energy Research and Studies (CSERS) has a good experience in operating and evaluating the thermal performance of small scale 5 m 3 /day Multi-Stage Flashing (MSF) desalination plant connected to solar pond according to the local weather conditions of Tajoura area. However, new project has been suggested to run the desalination plant with vacuum tubes solar thermal collectors utilizing available technology and experience.
Introduction
All aspects of life and human activities on earth depends strongly on the availability of water. Water is the main source of life on planet. About three-fourths of earth's surface is covered by water. Unfortunately, about 97.5% of this water is salt water present in seas and oceans. Only, about 2.5% of it, is fresh water contained in underground and surface waters of which 80% is frozen in glaciers. The rest percentage of all fresh water is underground in deep and hard to reach aquifers. Only 0.5% of the total fresh water available contained in the lakes and rivers [1] .
Lack of fresh water is one of the main problems that effect many countries around the world. In arid areas, potable or fresh water is very scarce and the establishment of a human habitat in these areas strongly depends on how such water can be made available [2] . Water shortages involve more than 80 countries and 40% of the world population [3] . There are 1.1 billion people without adequate drinking water. Based on forecasts for 2020, it is expected that population around the world will be reached 7.5 billion. Over 60% of population will be exposed to water shortages. This is because of the rapid increase of population, changes in the life-style, increased economic activities, and pollution that limit the use of fresh water resources. Moreover, common use of unhealthy water in developing countries causes 80-90% of all diseases and 30% of all deaths. Even in industrial countries, long spells of dry seasons and limited rainfall forces governments, states, and municipalities to adopt severe water restriction programs that affect the population at large. Such situations are reported on frequent basis in several countries around the globe [4] .
Reports and studies about the future of water situation in the Arab region reveal that; the water situation of the Arab world has become in risk. It is possible that the water crisis is more serious than the energy crisis where they can always find alternatives to oil for energy production. But there is no substitute for fresh water. In order to alleviate this problem, it became necessary to resort to non-traditional sources of water, particularly water desalination technologies. Arab world has long coasts on the seas and oceans, making it an appropriate source for fresh water. It is worth mentioning that more than 60% of the total capacity of the world's fresh water removed salinity produced in the Arab region. The main desalination units used are multistage flashing, MSF and Reverse Osmosis, RO, [5] .
LIBYA, has high solar insolation with an estimated daily average of solar radiation falling on the ground level about 8 kilowatt -hour per square meter during the month of summer (June). This is the average of the highest solar radiation areas in the world. Moreover, 95% purity of the skies or clear days each year is available, in addition to the favorable climate of air temperature and relative humidity. However, Libya lies in North Africa region where precipitation rates are very low and fresh water availability is a dilemma. Therefore, water desalination is the last resort to overcome the issue of fresh water shortage. Desalination plants in Libya are almost dependent on thermal technology. The total fresh water production of desalination plants in Libya at 2007 is over 46.5 million cubic meter [5] . Most of these plants are operated by the General Electrical Company of Libya (GECOL). A world-wide survey shows that Libya is the largest operator of desalination plants in North Africa and the Mediterranean basin and is ranked the Sixth country in the world to use desalination as a resource of water for urban use [6] .
The Center for solar energy research and studies has conducted extensive research work in the field of water desalination through the use of the solar pond. Since 2001, the Center has installed a multi-stage flushing (MSF) desalination plant using low grade heat energy that is collected in the pond as a source of energy for this system. The aim of this project is to identify the possibilities and advantages of solar ponds under local conditions and their suitability for the techniques of MSF desalination units. Thermal energy at relatively low temperatures making it suitable for blending with several solar thermal systems. Solar ponds come in the forefront of these systems as they have the ability to provide thermal energy at a temperature ranging between 60 and 80 degrees Celsius throughout the year. To ensure the work of the desalination unit well, it has been designed to suit the heat source of the solar pond. Average daily production of fresh water 5 cubic meters per day (0.208 cubic meters per hour) under design working temperature of 80 ° C [7] , [8] .
Designing and Sizing Solar thermal field
Of course, there are many ways used to deter mine the required area of solar collector's field to cover the specific load according to the collector specification, weather conditions, and operating condition s. These methods are categorized from simple to use to very complicated that require a lot of accurate information such as simulation tools.
In this study the design and layout of collector field is carried out through the use of TRNSYS simulation program, the detailed information required for the simulations are given below:
Weather condition
The project is located in Tajoura city (32° 815',13° 438') suburb to Tripoli capital of Libya. The TMY2 weather data provided by TRNSYS program is used in this study.
Operating Condition
Operating condition has great influence as weather condition on the performance of the system, thus has to be considered in the designing stage. In this study, due to the insufficient collector area to run the MSF unit for 24 hours with high solar fraction, it is considered to run the MSF unit 8 hours daily from 9 am to 5 pm with flow rate of 2500 litres per hour at temperature of 70 °C as shown in Figure 1 . 
MSF Desalination Unit
A 5 meter cubic per day Multi-Stage Flashing (MSF) desalination unit with 14 stages available at the Center will be used in this project. This plant is used previously in the solar pond project. The technical specifications for this plant are shown in Table 1 . The plant is capable to work over a wide temperature range of low grade thermal energy input without loss of efficiency. The maximum design working temperature is 80 °C, and the preferable range of operation is between 70 -80 °C. 
Solar Collectors filed layout
The solar collector field is mainly used to provide the MSF desalination unit with the required hot sea water at temperature ranges from 70 to 80 °C, with a flow rate of 2500 litre per hour (taken from the experience of running MSF unit in the solar pond project). The number of collectors available to be utilized in this project is 92 evacuated tube solar collectors (AMK-DRC-10) with technical specification given in Table2. The total gross area of the collectors is over 187 m 2 . Four thermal storage tanks (two: 1000 litres and two: 500 litres) are available to be used to stabilize and storage thermal energy during the operating time, as well as pump stations, safety and control equipments. These collectors would be arranged and connected optimally in rows and columns to get the best combination that gives the highest annual solar fraction. A number of configurations were examined in this study to find the optimum performance by using TRNSYS simulation program. Six of the best examined combinations are presented graphically as shown in annex A. The differences are mainly in the collector layout (number of rows and columns) and the total storage capacity of the tanks.
Simulation programs
In this study, a very famous simulation software TRNSYS is used to design and evaluate the thermal performance of the solar thermal system. TRNSYS simulation program [9] is a very powerful tool for designing and evaluating the long term thermal performance of solar water heating systems and studying the effect of system design parameters, operating conditions, and weather conditions. The basic idea of TRNSYS is based on modeling each component in a system as module. The program in TRNSYS comprises many subroutines that model subsystem components. The subsystem components included in the standard library are programmed in the FORTRAN language. In addition to the standard library there is also TESS Library and non-standard components. In this study, evacuated tube collector component (Type 538), and storage tank component (Type 534) similar to the actual components are taken from TESS Library. Others components such as pumps, flow diverters, and utility components are also used. The desalination plant is not incorporated in TRNSYS, and therefore is simulated as heat exchanger.
Results and Discussion

Layout Selection
Six configurations were examined through the use of TRNSYS simulation, and the results of the average annual solar fraction are shown in Figure 2 . The results showed that the layout-3 gives the highest annual solar fraction and has been chosen in this study. Figure 2 . thermal performance of the suggested configurations
Collector optimum tilt angle 4.2.1 Annual optimum tilt angle
The annual collector optimum tilt angle was searched and was found equal to 35 degree for stationary collectors facing to the south. Figure 3 shows the annual system solar fraction at different tilt angle, and it was very clear optima at tilt angle equal to 35 degree with maximum annual solar fraction over 77%. Figure 4 shows the monthly average solar fraction of the system at monthly fixed value of optimum collector tilt angles, the annual system solar fraction is increased by 2% over annual optimum collector angle. The average annual solar fraction was found equal to 78.9%. The monthly optimum tilt angles are shown in Table 3 . The fact that adjusting the tilt angle to its monthly optimum values throughout the year does not seem to be practical gives rise to the consideration of changing the tilt angle once seasonally. The fixed optimum tilt angles for each season are shown in Table 3 . The optimum tilt angles which will be changed only four times during the year gives slightly better performance than annual optimum tilt angle, and a slightly lower performance than monthly optimum tilt angle. The annual solar fraction of seasonally optimum tilt angles system was found 78.3%. Figure 5a ,5b, and 5c show the variation of outlet water temperature from the collector field at different tilt angles. It is very clear that collector tilt angle has great influence on the system performance and has to be selected properly or changed monthly to maximize the thermal energy output from the collector field. 
Monthly and Seasonally Tilt Angle
Beam Radiation
The vacuum tube technology depends mainly on the beam radiation rather than the global radiation as in the case of Flat plate solar collectors. Figure 6 
Water Temperature
The desired temperature to run the desalination plant selected in the simulation program is 70 °C. Figure 7 shows the annual average outlet temperature from the storage tank and the outlet desired temperature after passing through the auxiliary heaters. 
Effect of operating conditions
The effect of hot water temperature on the solar fraction of the system when the working water temperature is raised from 70 to 80 °C is shown in Figure 9 . The annual solar fraction is reduced by 11% to 68.6%. However, this will not affect the fresh water productivity. The effect of operating hours during the day is also presented in Figure 10 . The results showed that increasing operating hours at working water temperature 70 °C is decreasing the contribution of the solar energy in the system, but the amount of fresh water produced will be increased. 
Conclusion
The study attempts to find the best performance configuration of solar thermal collector field to provide thermal energy for the MSF desalination plant. The configuration layout-3 was found better performance than the other configurations considered in this study.
Through the use of simulation, the study has shown that the collector thermal field (layout-3) can provide 77% of the required thermal energy from solar with an average annual thermal energy conversion efficiency of 47.3%. The operating condition was 8 hours daily at a temperature of 70 °C. The expected fresh water productivity is about 1640 litres of fresh water daily with salinity less than 100 ppm for 8 working hour per day.
Running the desalination plant for 24 hours a day reduces the solar fraction of the solar collector field to 25% with expected fresh water production of 4640 litres per day.
Finally we can conclude that, the results obtained from simulation were very encouraging to install the system and take real measurements for further modeling and validation.
